Abstract Discharge is traditionally measured at gauge stations located at discrete positions along the river course. When the volume of water discharge is higher than the river bank, inundation to adjacent land occurs. Flood inundation mapping has largely relied on in situ discharge data. However, it cannot be accessed at ungauged sites. In recent literature, no comparative study on the impact of water level using different discharge models has been carried out. This paper evaluates the performance of three empirical formulas for discharge measurement to model flood inundation along Padang Terap River in Kedah, Malaysia, between October 31, 2010 and November 4, 2010. Water discharge was computed using three models, and the Manning-n values were assigned to the types of land use. Further, the rainfall obtained from gauge stations was interpolated using the Kriging interpolation method. Relative error and RMSE methods were used to evaluate the measured and predicted water surface elevation. The impact of predicted water surface elevation (WSE) from different land use types and terrain information was assessed. Dingman and Sharma's model significantly presented good agreement between measured and predicted WSE with R 2 = 0.8034, followed by Manning and Bjerklie equations with 0.8024 and 0.7997, respectively. Moreover, Dingman and Sharma's model produced less RE and RMSE with 13.09% and 2.27 m compared with the others. Therefore, the estimated 
Introduction
Flood is an overflow of water that inundates the land and is commonly associated with the destruction of lives and properties in Malaysia. In 2010, about 340 km 2 of Kedah area (Malaysia) and 5615 residents were estimated to have been affected by a flood event (DID 2010) and lost vast areas of paddy fields and cultivated land areas (Said et al. 2013) . Furthermore, annual flood destructions involving Malaysia's Department of Irrigation and Drainage (DID) facilities have been recorded and were estimated to be about RM17.81 million compared to RM3.126 million in 2009 (DID 2009 , 2010 . Most of these events were attributed to water overflowing from the Padang Terap River. During a flooding event in 2010, the water level at Kuala Nerang station recorded 21.07 meters high, more than four meters above the pre-marked danger level. Although an apparent reduction in the damages was caused by the flood in 2014 (about RM12.685 million) compared with that in 2010, flood continues to wreak havoc to the communities along this river course annually because of water overflowing and heavy rainfall.
Discharge is one of the important hydrological elements in flood inundation modeling. It is useful for water inundation extraction (Jung et al. 2012 Tarpanelli et al. 2013) , flood risk and hazard mapping (Alaghmand et al. 2010) , and surface runoff monitoring (Ali et al. 2011; Ibrahim et al. 2014) . The flow rate and the water behavior within the catchment is directly influenced by uncontrollable urban expansion, climate change, and deforestation (Alaghmand et al. 2010; Opolot 2013; Abas and Hashim 2014) . The complex interplay of these factors and the sudden nature of flood triggering the elements render observed discharge at discrete locations. However, it is insufficient to quantify an accurate estimation of discharge at ungauged sites (Jung et al. 2013) . Hence, implementing flood design and risk management decision making based on gauge stations is often ineffective.
Because of the inability to directly measure discharge from the river, several mathematical equations and correlation graphs like rating curve have been widely employed. Dischargestage rating curve has been used for prediction based on the river flow depth (Riggs and Reston 1976; Tarpanelli et al. 2013; Jung et al. 2014) . The method utilizes the ground-based discharge and water surface elevation (WSE) for each of the river cross section. Additionally, by providing velocity measurement and observed water level data, discharge can be computed (Tarpanelli et al. 2013 ). Other models which are commonly used in the literature include Manning (1891) , Dingman and Sharma (1997) , Riggs and Reston (1976) , and Bjerklie et al. (2003) methods. These models consider the cross-sectional area, hydraulic radius, channel slope, velocity, and surface roughness to compute water channel discharge.
In modern discharge, modeling such as Manning's model, which applied a concept of slope-area computation, is the most familiar empirical equation. A study by Abustan et al. (2008) used Manning's model to create a discharge curve for Kerayong River basin in Malaysia. A research by Jarret and Asce (1984) assessed the Manning-n which required hydraulic computation of river flow and overbank site of the floodplain. They derived Manning-n using 75 discharge measurements at Rocky Mountain in Colorado with high-gradient channel slope. From their investigation, they found that vegetation and friction slope influence water flow absorption and surface roughness. Works by other researchers (Stiff 2008; Alam et al. 2014 ) have also been directed at modeling flood inundation by incorporating different parameters, such as land use and estimating water level. An extensive exploration of Manning-n by Dingman and Sharma (1997) revealed the weakness of the method. The critics observed that Manning-n's computation provides inconsistencies in determining the Manning-n value because it requires user experience.
To address the flaws of Manning-n, Dingman and Sharma (1997) made some modifications by relating cross-sectional areas, hydraulic radius, and channel slope with a huge database of flow measurements by comparing the models of Riggs and Reston (1976) and Jarret and Asce (1984) . The investigators concluded that the model was better than Riggs and Reston (1976) and Jarret and Asce (1984) models because of less multicollinearity and unfairness. Also, it is performed better in a single channel compared with the other models. However, a thorough literature review revealed that the model has never been tested using geospatial data in estimating the flood inundation area.
Because of the constraints in obtaining the velocity data and flow at gauge stations from existing discharge models, Bjerklie et al. (2003) proposed another model to predict discharge with a huge discharge sample size (N = 1012) by considering the relationship between three variables: river width, water depth, and slope. The spatial dimension of this model has made its application extremely useful and practical. Tarpanelli et al. (2013) used the equation to estimate the discharge using only water level data and verified the result at a virtual station (VS) obtained by altimetry data such as ENVISAT and ERS-2. The study found a good relationship between on-site water level and the virtual station ranging from 0.79 to 0.92, whereas the discharge comparison between the Bjerklie's model and rating curve model (RCM) has shown an unacceptable result where RMSE = 962 m 3 /s and 834 m 3 /s for Sermide and Pontelagoscuro sections, respectively. In contrast, Birkinshaw et al. (2014) assessed the relationship between measured and predicted discharge values successfully using on-site measurement and Bjerklie's equation, respectively. Good correlations were found at several gauge stations such as Nakhon Phanom, Vientiane, and Kalpashevo with 0.90, 0.86, and 0.86 correspondingly. The results of both studies were presented using hydrograph and scatter plot graph.
To date, no comparative study has been done to evaluate the performance of discharge models for flood modeling, especially in a spatial context. The objective of this study is to evaluate the performances of the three widely used discharge models (i.e., Manning, Dingman and Sharma, and Bjerklie) to model water surface elevation (WSE) and flood inundation at ungauged locations, as well as the impact of WSE contributed by different land use types.
Methodology

Study area and dataset
Padang Terap is a district in Kedah that is estimated to cover about 135,735 hectares of land area. The district is located at latitude 6°16 0 34.98 00 N and longitude 100°40 0 07.37 00 E, northwest of Peninsular Malaysia (Fig. 1) . The area is exposed to the northeast monsoon that blows from November to March and brings heavy rainfall. It is composed mainly of agricultural land, and only a small area of the land is used for impervious surfaces such as roads and buildings. The study site is Padang Terap River, approximately 17 km long from Kuala Nerang to Kampong Kubu and flowing about 100 m away from the town of Kuala Nerang. The river consists of two water level stations, one is placed at Kuala Nerang (6.258029E, 100.613N), and the other is at Kampong Kubu (6.268778E, 100.5356N). The river dissects the boundaries of Padang Terap Kanan, Padang Terap Kiri, Belimbing Kanan, and Belimbing Kiri, which consists of two main sub-tributaries, namely the Ahning and Pedu Rivers. Furthermore, the catchment area of Padang Terap is approximately 219.8 km 2 . The Padang Terap River was selected because the flooding starts from the upstream part, Kuala Nerang, and the availability of observed hydraulic data can significantly be used for discharge measurement. Figure 2 presents the overall methodological workflow used in achieving the objectives of this study. The various steps include compilation of ancillary data such as hydraulic data (rainfall and water level), river surveyed cross section, land use types, TerraSAR-X image, and digital elevation model (DEM). Field site measurement, discharge computation, and rainfall estimation will be discussed in next stage. After that, the flood inundation simulation and result verification will be implemented at the last phase of the study.
Even though many researchers have used Shuttle Radar Topography Mission (SRTM) with 90 m resolution, these data are too low and inaccurate to produce DEM for water surface runoff estimation based on land use changes (Ali et al. 2011; Sajikumar and Remya 2014) . For that reason, this study used the Interferometric Synthetic Aperture Radar (IFSAR)-derived DEM and Orthorectified Radar Image (ORI) with 5 m and 0.6 m spatial resolution correspondingly, to improve terrain information in flood modeling application (Fig. 3b, d ). The DEM elevation of the study area is determined from 9.2 to 737.428 m above Mean Sea Level (MSL). The elevation of the river and cross section was assigned based on the DEM for simulating the flood inundation in HEC-RAS. Moreover, slope map was produced, varying between 0°and 83°, to study the impact of the water surface level (Fig. 3a) . The river width is measured from the ORI data because the river bank clearly presented on the image (Fig. 3d) . In addition, TerraSAR-X image provided by Malaysia Remote Sensing Agency (ARSM) was used to delineate the flood inundation area (Pradhan et al. 2014) of Padang Terap, Kedah. The image used was 12 m in resolution and was acquired on November 4, 2010. Other dataset is land use map (Fig. 3c) which acquired from the Federal Department of Town and Country Planning Malaysia (FDTCP) in a scale of 1:50,000. The map was delivered in vector-based as the first level classified land use data, which was later dissolved into different sub-land use classes. The classes and percentages of coverage within the 702 km 2 area under investigation are: agriculture (53%), bare land (3%), forest (34%), impervious surface (4%), water (5%), and other (1%), indicating that the larger percentage of the area comprises agricultural land and forest.
The hydraulic data are required to assess and validate the ability of the discharge model in estimating the water surface level as well as dispersion inundation extent. For hydraulic data, rainfall intensity (mm) and water level (m) for 5 days during the flood events were provided by the Department of Irrigation and Drainage (DID) and used for flood water level prediction (Fig. 4) 
Discharge estimation using different empirical equations
To produce an accurate flood inundation map, the first step was to estimate discharge along the river since flow rate gauge station is not available. The three selected models, i.e., Manning, Dingman and Sharma, and Bjerklie, were used to compute discharge for forecasting flood-prone areas in the year 2010. As mentioned earlier, the models were chosen because of the availability that the hydraulic variables require. The discharge values from the three models were compared, and water surface level of the flooded area was verified with observed data at the stage station. Manning's formula is a simple empirical equation and has been popularly used in the field of engineering (Lumbroso and Gaume 2012) . Many researchers have used Manning's equation (Abustan et al. 2008; Stiff 2008; Alam et al. 2014 ) to estimates discharge, Q p in m 3 /s with utilizing four principal parameters: cross-sectional area A (m 2 ), hydraulic radius R (m), channel slope S, and Manning-n (Eq. 1). It is possible to use the equation if R can be derived from filed-site observation.
Mostly, the coefficient of the Manning-n can be referred from the documents provided in HEC-RAS software. Different types of land use surface will provide their own n value depending on the water absorption and keep water flowing into river line. In Manning's equation, hydraulic simulation is significantly influenced by the surface roughness (Venkatesh et al. 2008 ). Manning-n was assigned to the left of the bank (LOB), the right of the bank (ROB), and the channel in HEC-RAS for each of the cross sections. In the natural river, Riggs and Reston (1976) mentioned that surface roughness coefficient is related to the channel slope and estimation of n values was recorded based on known peak discharge. Here, Manning-n coefficient of 0.04 was calculated for the river using slope-area relationship (Dingman and Sharma 1997) , as expressed in Eq. 2 based on field survey with A, and hydraulic radius (R) was measured using GPS and Q-liner.
The discharge also can be estimated using equation established by Dingman and Sharma (1997) . The Manning's formula has been modified by the authors where the geometric and hydraulic variables as in Manning's equation excluding n; that is A, S, and R (crosssectional area A/wetted perimeter, P). Kirby (1987) observed that Manning-n does not clearly determine flow resistance measurement since it is based on site judgment made by the observer and it caused inconsistencies between the river and hydraulic circumstances for the period of the flood. The interrelationship of the parameters in Dingman and Sharma's model is given in the following equation.
Several researchers (Tarpanelli et al. 2013; Birkinshaw et al. 2014; and Sichangi et al. 2016 ) have successfully studied the usefulness of Bjerklie's model in estimating discharge data at ungauged stations. They compared observed discharge data from stream gauge or rating curve with estimated value attained from altimetry data or empirical equations. Moreover, the relationship between width W, average depth Y, and S adopted in the formula is well established in the literature (Mersel et al. 2013) , and these three variables are critically needed to compute the discharge (Eq. 4). The model estimates river discharge using remote sensing approach. W was successfully measured by Birkinshaw et al. (2014) using low-resolution Landsat TM/ETM ? images. In this study, W was retrieved from IFSAR ORI, and Y was obtained by deducting WSE with the cross section of the river bed (Tarpanelli et al. 2013) . The outputs of the computed discharge from the three models were inputted into the HEC-RAS software at the first cross-sectional line that was established on the Padang Terap River to simulate the WSE and inundation area.
The river discharges acquired from the equations were adopted into HEC-RAS software, and flood inundation area was generated. From the estimated water surface level within the flood inundation area, the comparison method was implemented to determine which equation is the most applicable and appropriate based on field and data circumstances.
Hydrological data measurement
During the field work, XY positioning, velocity, and water depth were collected. The crosssectional survey was done in 2014. It covered about 8 km along the Padang Terap River without any standard distance interval. From the 49 cross section, the first cross-sectional line nearby to the Kuala Nerang's water level gauge station was measured along with the water depth, cross-sectional area, and computed R for the discharge computation. The cross-sectional area was also assumed to be rectangular in shape (Birkinshaw et al. 2014) , while the readings of the river stage levels were taken from gauge stations at Kuala Nerang. The river bed water elevation of the cross-sectional line was measured as 12.115 m and wetted perimeter (P) as 41.535 m, which is calculated based on total length between left to right bank at river bed as stated by Sichangi et al. (2016) .
The boat was moved parallel to the tied rope across the river, and the velocity was measured concurrently with the Q-liner (Fig. 5) . Aside of velocity, river water depth was measured across the river with 2 m interval using River Discharge Measurement System (OTT Q-liner) provided by Water Resources Engineering and Management Research Centre (WAREM), Universiti Teknologi MARA (UiTM), Penang. At the same time, Global Positioning System (GPS) unit was attached to the boat to measure the river water level and position simultaneously along each cross section. This procedure was repeated for each of the cross section. The cross-sectional area was computed by multiplying water depth and river width. This study assumes that no changes occurred at the river bed of the first cross section since 2010. According to Bjerklie et al. (2003) , the measured slope can be replaced by the average channel slope obtained from the topographic data. In this case, the Padang Terap River has an elevation of 14 m upstream and 10 m downstream, while the river width was determined from the IFSAR ORI as 43.589 m. Then, the average channel slope was calculated by taking the difference in elevation between two points along the river divided by the river length (about 17 km). So, the channel slope S of 0.0002 derived from the IFSAR data was acceptable to be adopted into the discharge model. The water depth was calculated by deducting observed gauge water level from the river bottom elevation. For the cross-sectional area, the water depth was multiplied by the length of the cross-sectional line which is 43.589 m. Also, R value of 41.535 m was obtained by the cross-sectional area divided by the wetted perimeter (P).
The hydraulic variables were calculated using field site measurement and are presented in Table 1 . The 5 days of flood event in 2010 were chosen in analyses. The water depth, cross-sectional area, and hydraulic radius (R) varies depending on the stage water level. The highest gauge water level on 2 November indicates as deepest water level during flooding at upstream Padang Terap River. All the on-site hydrological variables obtained from the field observation were substituted into the selected models to compute the river discharge. Each of the estimates river discharge was inserted into HEC-RAS software to forecast the water surface elevation as well as flood inundation area.
Rainfall estimation
The amount of rainfall recorded from ten rainfall gauge stations around the study area within the 5-day flood events in Kedah is presented in Table 2 . Only two stations (Kg. Paya and Kuala Nerang) are near to the selected river. The values were interpolated using Kriging (Xiangfei 2009; Napoli et al. 2014; Jang et al. 2015) interpolation technique to simulate the rainfall from October 30, 2010 to November 4, 2010. The method was appropriately used for DEM interpolation (Damayanti 2011) . This was used to interpolate and estimate the unknown rainfall data as well as identify the pattern of rainfall distribution using rain gauge stations (Jang et al. 2015) . The method produced small bias as regards the RMSE as well as highest correlation coefficients in spatial prediction (Neshat et al. 2015) . The resultant isohyet maps were classified into four classes based on the volume of rainfall, i.e., 0-10, 10-30, 30-60, and more than 60 m. Further, the maps were colored based on the MADA telemetry system (Fig. 6) .
The recorded rainfall on 30 October ranges between 40 and 50 mm. By 31 October to 1 November, it has increased to 90-144 mm. The rainfall recorded increased by over 100% at four different rainfall stations: Kuala Nerang and Kg. Paya near the river; and Kg. Tengah and Ampang Pedu situated at the hilly area. However, the amount of rainfall completely reduced to less than 30 mm in the last 2 days of the flood events. The total cumulative rainfall ranged from 200 to 300 mm, which indicates the presence of intense rainfall from 1 November. Nevertheless, from 2 November onwards, the rainfall did not contribute to the volume of water in the river and flooded area. The amount of rainfall recorded varies across the rain gauge stations. For instance, the highest cumulative rainfall was recorded at Kg. Tengah (332.8 mm) and Ampang Pedu (319.8 mm) located upstream with an elevation of about 44.612 and 96 m, respectively. Most probably, the heavy rainfall upstream triggered the flooding downstream.
Flood inundation modeling
Many works have been reported on the use of different software for flood forecasting. Prominent among these are HEC-RAS (Stiff 2008; Tripathi et al. 2014) , HEC-HMS (Gholami et al. 2010; Razi et al. 2010; Ali et al. 2011; Abebe 2014) , and ARCSWAT (Sajikumar and Remya 2014; Wu et al. 2015) . In this study, ArcGIS 10.3 and HECGeoRAS/RAS were selected because of its capability to integrate hydraulic and hydrological data into the models to generate the river profile and flood inundation map (Alaghmand et al. 2010 ). HEC-RAS was used to generate the hydraulic model where Manning-n for each of the cross section and river discharge are assigned before exported to the GIS. Subsequently, HEC-GeoRAS was used to simulate the water level and flood inundation over the study area based on elevation, cross section, river width, river depth, and the respective Manning-n of each land use class. River centerlines and left and right banks are important parameters for inundation modeling. By applying 200 m intervals (Alaghmand et al. 2010 ), a total of 121 cross sections were automatically generated from the 5 m resolution IFSAR data in HECGeoRAS (Fig. 7) . It is a requirement that the centerlines and left and right banks are digitized to follow the river flow direction-that is, from upstream to downstream (Getahun and Gebre 2015). Also, the cross section of the river must be digitized starting from the right to the left banks to avoid overlapping lines occurring when the flood inundation is generated in the HEC-GeoRAS. In the same processing step, Manning-n was assigned for Fig. 6 Rainfall isohyet map location of rainfall stations is indicated by black squares, and the station ID is indicated in bold font each of the land use class in ArcGIS, but for the cross-sectional lines, Manning-n is directly assigned while exporting to the HEC-RAS in GIS format, thus no manual entry is done. For all the coefficients listed in Table 3 , Manning-n was assigned to each land use guided by the instructions provided in HEC-RAS River Analysis 2010 user manual (Brunner 2010 ). In the HEC-RAS, the magnitude of water discharge computed for each day using the three models-Dingman and Sharma, Manning, and Bjerklie, was inserted into the steady flow table. For computational efficiency in HEC-RAS, more than 500 points need to be filtered out from each of the cross section. The output was exported to the GIS package to generate flood inundation maps.
Though many studies have successfully applied water bodies extraction from Landsat imagery, however, radar satellites has greater advantage for its unique ability to penetrate cloud and thus making it extremely useful for delineation of water bodies especially in tropics . In this study, the TerraSAR-X image was used to verify the water inundation extent produced in HEC-GeoRAS. In ENVI, the Iterative Self-Organizing Data Analysis-ISODATA (Jung et al. 2013 was applied to extract the water bodies from the TerraSAR-X image acquired on November 4, 2010. The existing water bodies and flood inundation areas were determined and compared with the inundation area. The nonwater body was eliminated from the results obtained by referring to the existing land use.
Comparison of the predicted and on-site water level
Measured water level at Kampung Kubu gauge station was used to validate the predicted water level, and the accuracy was expressed as a function of the relative error (RE) and root-mean-square error (RMSE) . RE (Eq. 5) defines the goodness of fit between the inundation area obtained from Landsat image and the graph of dischargeelevation correlation. The RMSE (Eq. 6) determines the performance of predicted and measured discharge using Bjerklie's equation and rating curve models, respectively (Tarpanelli et al. 2013) .
where n is the total number observations and X i and X are the measured and predicted water level data, respectively.
3 Results and discussion 3.1 Estimated river discharge Table 4 and Fig. 8 present the discharge values obtained from the three models. It can be seen that Bjerklie's model produced a much higher estimation of discharge value compared to Dingman and Sharma, and Manning models. During the first day of the flood event (31 October), the water level was 16.21 m, which was already at the alert stage. Then, it drastically increased and fluctuated at danger levels (20.620, 21.080, and 20.900 m) and decreased to 18.480 m on November 1, November 2, November 3, and November 4, 2010 correspondingly.
From Table 4 , it can be seen that the water level started rising from 31 October to 2 November and steadily reduced to 18.480 m on 4 November. Similarly, within the same period of time (31 October to 1 November) the water depth at Kuala Nerang station was 4.41 m higher than the WSE observed from the first day, which was 16.21 m. The water level drastically increased as well as the average of the predicted discharge value from the three models, which recorded an increase in about 641.368 m 3 /s. The next day, the water level rose further to 21.080 m, about 0.46 m higher than 20.620 m, which was obtained from 1 November. However, from 2 November onwards, the water level decreased by about 2.6 m. By 4 November, the recorded WSE was 18.480 m. The increase in water level and discharge caused the spread of the flooded water widely, corroborating the findings of Jung et al. (2014) and Qi et al. (2009) that water level and inundated areas are significantly correlated. By reducing the measured hydraulic data adopted in empirical equation, the discharge calculated by Bjerklie's model was overestimated at water level peak as compared with the other models (Fig. 8) . Apart from that, the river width changes and depth measurement are also part of error sources affecting the bankfull discharge, especially for river of rectangular shape (Bjerklie et al. 2003; Birkinshaw et al. 2014) . Another two models (Dingman and Sharma, and Manning) have shown a slightly similar pattern of the estimated discharge with/without surface roughness value. Though, the estimated discharge of the three models shows similarity at low river water levels. Therefore, it clearly shows that water level affects the rise of the discharge significantly. Figure 9 shows the relationship between discharge, water depth, and affected areas over the period of a 5 day flood event in Padang Terap, Kedah. The water depth was calculated by deduction of the river water level between the first and second days. When the average Table 5 presents the predicted and observed WSE values, their relative error (RE), and rootmean-square error (RMSE). The three models produced WSE values of more than 15 m but none reached 16 m. For the first 2 days of the flood event, the observed water level was less than the simulated level for the three models by an average of 4.5 m. However, intense rainfall at upstream area around Pedu River caused the observed water level to rise from 10.94 m in day one to 13.95 m in day two amounting to about 3 m increment. Although different hydraulic variables were applied in the models used, the WSE did not change much at Kampong Kubu gauge station for all of the models within the 5 days of the flood. At this stage, the recorded and simulated values (av. 15.9 m) began to get closer. The last 3 days differ significantly from the first 2 days in the trend. Both the observed and simulated water levels produced very close values which could be the result of accumulated discharge from upstream. Statistically, the RE and RMSE are measures of performance . The RE was presented in percentage value and the Dingman and Sharma model showed a less average relative error of 13.09%, whereas Manning and Bjerklie had 13.22 and 13.46%, respectively (Table 5) . Greater RE was identified at the lower WSE that contributed to 42%. In another case, the same pattern was found in Jung et al. (2014) 
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(a) Fig. 10 Relationship between measured and predicted water levels from discharge model; a Manning, b Dingman and Sharma, and c Bjerklie et al.
Because of the unavailability of gauging station, the water level station downstream at Kampong Kubu (Fig. 10 ) was used to verify the estimated water level using natural logarithm . For the three models, the correlation coefficients (R) between measured and simulated water levels are 0.8963, 0.8958, and 0.8943 for Dingman and Sharma, Manning, and Bjerklie, respectively . By coefficient of determination (R 2 ), the Dingman and Sharma model performed best with 0.8033, followed by Manning and Bjerklie with 0.8024, and 0.7997, respectively. It showed a strong relationship between the measured and predicted WSE with R 2 of about 80%. The Dingman and Sharma equation has shown promising result in which the surface roughness was eliminated from model development and it contributed uncertainties in flood inundation extraction (Jung 2011) and during the runoff simulation (Fan et al. 2013) . Moreover, the model was strongly developed with distinct flow ranges (Bjerklie et al. 2003) . On the contrary, study by Jung et al. (2014) has identified the RE about 50% at low magnitude, 928 m 3 /s when compared with the flood extent area using discharge from rating curve (correlation elevation-discharge) and Landsat satellite images. In addition, RMSE of WSE between gauge station and Landsat image were calculated as 1.04 m. Hence, the RMSE of the study is quite low as compared to the proposed methodology due to the accessibility of the observed discharge data obtained from USGS in constructing the rating curve which is able to provide accurate values. Furthermore, the results of simulated WSE generated by the models will contain some error, and it is difficult to reflect the real-world condition (Venkatesh et al. 2008) . From the R and R 2 , this study concluded that the Dingman and Sharma's model was the best equation to be adopted in evaluating the WSE of the flood inundation area.
3.3 Flood inundation mapping based on different discharge models and land use type Figure 11 illustrates the results of flood inundation simulation based on the value of the flow rate (m 3 /s) obtained from the models over a period of 5 days in 2010. To determine To verify the flood water extent, ISODATA image classification technique was applied on the TerraSAR-X image. The flood extent area in blue color is shown in Fig. 12 . Admittedly, mixed pixel occurred and the classification technique was unable to differentiate between the paddy fields and water features. Using the method described in Pradhan et al. (2009) , existing water, flood extent, and water features in paddy fields were excluded from the result. Similarly, flooded areas have been found between the water extent extracted by the image (b) and that simulated by HEC-GeoRAS (c). Table 6 summarizes a predicted average of WSE from the three models on different land use types like impervious surface (IS) and agriculture (AGR). To identify the impact of the WSE, terrain information, elevation, slope, and distance from the river were taken into consideration. Although points C and D are situated at an elevation over 17 m and point D is more closest to the river, differences between water depth from the first day to the peak of the flood (third day) at point C rose more than 0.55 m higher than point D which is 0.44 m. It is because point C falls over the flattest area (0°). In addition, the water from the mountainous area which is point H is flowing into point I and lowland areas triggering a flood event (Tehrany et al. 2015) . Even though points A and B are placed in highland areas, the discrepancies of the water depth showed an increment of higher than High coefficient of Manning-n and flood discharge leads to the increase in WSE in flood inundation areas (Jung et al. 2012 . In this study, water depth of point D (agricultural land, n = 0.035) between the first and third days was about 0.442 m more than that of point E (impervious surfaces land, n = 0.013), which had about 0.334 m. Then, water at point D was reduced to about 0.192 m, which is less than that of point E by only 0.158 m. The water infiltrated better in agricultural land areas rather than impervious surfaces. These results confirmed the work of Jung et al. (2012) where high n value reportedly caused a rise in the WSE for steady flow rate. In another paper, Venkatesh et al. (2008) has also identified that by assigning low n value. Their results revealed that water surface elevation is dropped to 0.2 m as compared to 0.6 m with highest n values. Nevertheless, the impact of water depth from both land use types with their own Manning-n was not present in lowland areas. At an elevation in the range of 14-15 m, the water depth increased and reduced steadily at points F, G, H, and I. Based on the findings, the lowland area was identified as highest hazard level as compared to other part and terrain elevation factors also influenced the flood hazard distribution (Alaghmand et al. 2010) . Therefore, authors concluded that the mixture of the first level land use types with surface roughness (n), elevation, slope, and the distance from the river significantly influences waterways.
Conclusion
Water level was estimated using different discharge models, such as Manning, Dingman and Sharma, and Bjerklie equations at Padang Terap River, Kedah. Moreover, the WSE of different land use types and terrain information were assessed. The Dingman and Sharma model shows significantly better accuracy for flood inundation estimation in terms of coefficient of determination (R 2 ) between predicted and measured water level among the models. Three discharge model approaches showed 80% similarity, and about 13% of relative error was found with p value 0.04 compared to the field observation. Using the selected models, it is promising to apply it at the ungauged station. HEC-GeoRAS software was used to delineate flood inundation area by assigning the estimates discharge obtained from the different equations that considered several hydraulic parameters. The proposed models are accomplished to approximate the discharge. However, it is only in the form of a statistical equation and was never applied in flood inundation prediction. Only Bjerklie's model was applied in Tarpanelli et al. (2013) for discharge estimation using the radar altimetry data observation and rating curve model (RCM). Because of multiple field data requirements, such as hydraulic radius, wetted perimeter, and cross-sectional area, the method can only be applied in an area with recent or historical measurement data.
This study demonstrates how discharge can significantly be determined using statistical modeling and can be more precise if ground measurement (velocity and water level) in different flow circumstances is available (Tarpanelli et al. 2013) . Besides, land use is also a factor that contributes to the flood inundation, as proven by many authors (Dams et al. 2013; Sajikumar and Remya 2014; Mellino and Ulgiati 2015) . However, research related to the effects of water depth because of the mixture of land use types and terrain information is still limited. In this study, the water depth of flood inundation obtained from the selected points and different features was calculated. The interrelationship between two different land use types and their elevation also affected water depth during the flood events.
The flood inundation maps were successfully delineated at ungauged stations by applying the predicted discharge data. It can also be used for a steady-flowing river like the Padang Terap. To apply computed discharge with on-site data observation, it is recommended to apply the Dingman and Sharma model. However, Bjerklie's model is also applicable for a study; this model is more spatial-based than others because the R 2 , RE, and RMSE do not differ much. Furthermore, this study also executed water level estimation based on different land use types and influences from the elevation, slope, and river distance. This study is significant for continuation by other authors because the impact of temporal land use patterns for future flood modeling using predicted discharge was presented.
